The two cases reported illustrate an uncommon type of partial inversion of the viscera, in which the abdominal organs alone are transposed while the heart remains in its normal position. Both were suffering from congenital heart disease, and a subsequent search brought to light several further reports of cardiac malformation associated with a similar transposition of the viscera. This combination cannot, therefore, be regarded as fortuitous, and, in fact, a similar and well-recognized relationship exists between congenital heart disease and another variety of incomplete heterotaxy, in which the heart alone is transposed. Isolated dextrocardia is the subject of two recent reviews, based on large series of cases collected from the literature (Roesler, 1930, and Lichtman, 1931); case reports of heart disease in the presence of isolated inversion of the abdominal viscera are, on the other hand, scanty and so far have not been critically reviewed. CASE REPORTS Case 1. 'An Army officer, aged 25 years, was admitted to Guy's Hospital in April 1946 for investigation. Suspicion about his heart arose two years earlier, when a routine radiogram of his chest showed a large heart. His capacity for exercise was normal; in fact, during the previous five years he had undergone several periods of very strenuous training without undue distress. There was no history of cyanosis and he had never suffered from rheumatic fever.
The electrocardiogram (Fig. 2) showed sinus arrythmia, left axis deviation, and inversion of P II, P III, and T III.
Diagnosis. In view of the apparent enlargement of the left ventricle and the left axis deviation, the possibility of aortic regurgitation, sub-aortic stenosis, coarctation of the aorta, or of hypertension was considered, but no further evidence was found in favour of any of these conditions.
The prominence of the pulmonary conus, the widening of the main branches of the pulmonary artery, the forcible pulsation cf the apex and of the conus, and the systolic murmur in the second left intercostal space with accentuation of the pulmonary second sound are in keeping with the diagnosis of an atrial septal defect. other hand, exceptional: in fact enlargement of the right ventricle and right axis deviation were found to be the rule in a series of 53 cases analysed by Bedford et al. (1940) . A possible explanation of the anomaly is that in this case the ventricles are transposed and that the aorta, which is displaced towards the right, originates from an arterial right ventricle, the whole of the left border of the heart being forme-d by a venous left ventricle.
Some of the clinical findings, taken separately, would fit the diagnosis of pulmonary stenosis or of patent ductus arteriosus, but the evidence as a whole is against these, and the preponderance of the left ventricle would still remain unexplained. The most likely diagnosis is, therefore, patency of the atrial septum with corrected transposition of the great vessels, although it must remain speculative. Case 2. A boy, aged 5 years, was admitted to the County Hospital, Farnborough, in May 1945, suffering from intestinal obstruction. He had been deeply cyanosed from birth, and clubbing of the fingers and toes had been present since early childhood. His capacity for exercise had always been much below normal. On laparotomy he was found to have an ileo-cecal intussusception, associated with non-rotation of the mid-gut. The cecum was under the liver in the left upper compartment of the abdomen and the rest of the large intestine was displaced into the right half of the peritoneal cavity. The stomach was displaced to the right, and, as a later barium meal ( Fig. 3 ) showed, its position was a mirror image of the normal. Further details of the disposition of the abdominal viscera were published by van Meurs (1946) .
The heart was moderately enlarged, with the apex beat 2 cm. outside the mid-clavicular line, and a strip of dullness for a distance of 15 cm. to the right of the sternum. A loud, rasping systolic murmur was heard over a wide area of the prlcordium, with its maximum intensity in the third left intercostal space. The blood pressure was 90/60. The red cell count was 8-1 million with the hlmoglobin 130 per cent. X-ray findings. (Fig. 4 .) The heart was moderately enlarged with a maximum transverse diameter of 11 5 cm. It was slightly displaced to the right: the right border of the ascending aorta was 4 5 cm. from the mid-line and part of the aortic arch appeared to the right of the trachea. 1-5 cm. higher, to the left of-the trachea, there was another semicircular shadow, which possibly represented a second aortic arch.
Diagnosis. The deep cyanosis dating back to birth, with polycythemia and clubbing of the fingers, is evidence of a congenital cardiac defect, with free mixing of blood between the right and left chambers. In view of the shape of the heart, the displacement of the aorta towards the right, and the loud systolic murmur in the third left intercostal space, the diagnosis of Fallot's tetralogy is highly probable.
SUMMARY OF REPORTED CASES AND DISCUSSION
A search produced only 12 further reported cases of congenital heart disease associated with isolated inversion of the abdominal viscera. Details of these are shown in Table I .
It would be unwise in this small series of cases to base an estimate of the total incidence Pulmonary artery and aorta arise from left ventricle of congenital heart disease, or of the relative frequency of the various types of cardiac defect in isolated inversion of the abdominal viscera. Although there are numerous surgical reports of transposition of the abdominal organs, the heart in these cases has not, as a rule, been examined with sufficient care to reveal minor abnormalities. Also, in the days before radiological study of heart disease was adopted, the abnormal position of the stomach is likely to have been often overlooked. For this reason, the prevalence of post-mortem records of severe heart lesions in this series may well give an unduly gloomy impression of this condition.
The prevalence of transposition of the atria is, however, very striking. Out of the 14 cases (including the 2 here reported) this otherwise rare abnormality was present in 8 cases: 2 of the remaining 6 had a common atrium supplying both ventricles, and in 4 the disposition of the atria could not be ascertained. It appears probable that this abnormality constitutes the key defect of the heart, the associated structural changes merely serving to direct the arterial and venous return to the heart into their correct outflow channels. Of the mechanisms by which this might be achieved, transposition of the aorta into the right ventricle and of the pulmonary artery into the left ventricle is alone completely effective. All other types of defect, such as patency of the septa or of the ductus arteriosus, merely provide for admixture of arterial to the venous blood of the systemic outflow, and are, therefore, incompatible with prolonged survival. In effect, in the whole series only two cases survived to adult age (Lochte, 17 years, and Forgacs, 26 years); in these subjects corrected transposition of the arterial trunks was diagnosed by post-mortem examination in the first, and on clinical grounds in the second. Of the remaining 12 cases, 6 died in the first few weeks of life and none of the others was over the age of seven at the time of observation.
The remarkable prevalence of transposition of the atria may offer a clue to the pathogenesis of the congenital heart lesions in this group and also in the very similar group of isolated dextrocardia. This type of heterotaxy, which is the exact reverse of the visceral arrangement under discussion, is nearly always complicated by congenital malformations of the heart. Lichtman (1931) , in his survey of 161 reported cases of isolated dextrocardia, found only 3 examples of anatomically normal hearts. An interesting and significant fact exnerges from Roesler's (1930) detailed analysis of 24 cases of isolated dextrocardia: the inferior vena cava terminated in the right atrium in 16 of the 18 in which the relevant data were available.
In an ideal mirror picture dextrocardia the vena cava runs into the left atrium; an arrangement which is the rule when both the heart and the abdominal viscera are transposed. In this group, as is well known, the heart is nearly always free from structural defect. If we accept such cases as the standard of the normal right-sided heart, it will be apparent that in Roesler's series the position of the atria is reversed. It may be stated, therefore, that when the abdominal viscera alone or the heart alone is transposed to the opposite side of the body, the arrangement of the atria is usually the reverse of the normal.
The similarity between the two groups of cases suggests a common pathogenesis of the cardiac defects. Of the many explanations put forward to account for the malformation of the heart in isolated dextrocardia, those which explain it as a result of torsion (Pal, 1907) or those which assume the heart lesions to be primary and the transposition of the heart as an effect of these (Monckeberg, 1915) are clearly not applicable to isolated transposition of the abdominal viscera, in which the heart remains in its normal position. A satisfactory hypothesis, valid for both groups, must take into account the abnormal relative position of the abdominal viscera and the heart. The only conceivable mechanism by which the position of the abdominal organs might influence the structure of the heart is through the agency of the embryonic abdominal venous channels.
To make the argument clearer, it is useful to recall that the original symmetry of the sinus venosus of the embryo is later destroyed by the disproportionately rapid increase in size of the right horn of the sinus. This structure is subsequently incorporated into the primitive atrium and eventually forms part of the right atrium of the mature foetus. The rapid growth of the right horn of the sinus is determined by the development of transverse anastomoses in the abdominal venous channels shulnting blood from the left side of the abdomen to the veins on the right, which terminate in the right horn of the sinus. Finally the veins on the left disappear, and the whole of the inflow from the liver and the placenta is delivered into the right atrium by way of the vena hepal;is communis. This vein is later incorporated into,i and forms, the terminal portion of the inferior vena cava.
It is clear, therefore, that the abdomina venous channels of the embryo have a profound influence in determining the development of the atria. It seems probable that the reversal of the normal relationship between the heart and the liver in the two varieties of incomplete heterotaxy is associated with a corresponding change in the hepatic venous channels; a possibility discussed in detail by Lochte (1898). In the event of such a change the " left " horn of the sinus venosus would receive the venous return from the liver and placenta, and in the course of embryonic development, the inferior vena cava would come to terminate in the " left " atrium.
The transposition of the atria, which may be regarded as the fundamental defect in most cases of isolated inversion of the abdominal viscera and of isolated dextrocardia, is then a necessary sequel of the reversed connectioni between the abdominal veins and the sinus venosus. The associated malformations of the heart occur, as already suggested, as a result of the faulty development of the cardiac septa, or of an incomplete torsion of the aortopulmonary septum, in an attempt to divert the venous return into its correct outflow channel. SUMAMARY Two cases of congenital heart disease associated with isolated inversion of the abdominal viscera are described, together with a summary of similar cases that have been reported.
An attempt is made to correlate the findings in this group with those in isolated dextrocardia.
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